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1

SEMICONDUCTOR ELEMENT WITH
CONDUCTIVE COLUMNAR PROJECTION
AND A SEMICONDUCTOR DEVICE WITH
CONDUCTIVE COLUMNAR PROJECTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor element
and a producing method for the same, and a semiconductor
device and a producing method for the same, more particu-
larly relates to a bump structure of a flip chip type semi-
conductor element mounted face down and a producing
method for the same, and a packaging structure thereot and
a producing method for the same.

2. Description of the Related Art

As a connection method for connecting an electrode of a
semiconductor element and an external terminal, there are
two types of methods consisting of a bonding wire method
using a metal thin wire and a tlip chip method using a solder
bump formed on an electrode of a semiconductor element.
And the flip chip method 1s considered to be advantageous
in a high-density and a high pin count tendency in recent
years. In order to raise a packaging density of a semicon-
ductor package in recent years, a ball grid array type
semiconductor package with a solder bump formed as the
external terminal 1s used abundantly as a technology which
can respond to a high pin count tendency, keeping a terminal
pitch large. A flip chip type 1s adopted also as a semicon-
ductor element mounted to a packaging board (Interposer) 1n
many cases. As this tlip chip type connection method, many
are developed. For example a connection method referred as
a control coraps chip connection (C4) 1s mentioned first.

FIG. 35 15 a cross-sectional view showing a conventional
structure of a tlip chip type semiconductor element. As
shown 1n FIG. 35, on a semiconductor substrate 1, an
clectrode 2 which 1s connected to internal wiring and a cover
film 3 having an opening on the electrode 2, 1s formed. And
on the electrode 2, a solder bump 20 1s formed through an
interconnected film 4 and an adhesive film 5. As for a
method for forming a solder bump 20, 1t 1s common to form
a hemispherical bump by supplying solder by various meth-
ods such as an evaporation method, an electrolytic plating
method, a solder paste printing method, and a solder ball
loading and supplying method, and solder reflow process
using flux.

FIG. 36 15 a cross-sectional view showing a conventional
tlip chip packaging structure of flip chip type semiconductor
clement. On a pad 14 of a wiring substrate (Interposer) 12
wherein the pad 14 and a solder resist film 13 are formed on
the surface, solder 1s supplied beforehand. Then, after apply-
ing tlux, a semiconductor element 1s carried on the wiring
substrate 12. And connection between bump 20 and pad 14
1s completed by solder reflow process to form a solder fillet
11. Subsequently, the crevice between the wiring substrate
12 and a semiconductor substrate 1, which 1s not shown, 1s
filled up with undertill resin.

A method for using bonding wire and forming a gold stud
bump on the electrode of a semiconductor chip, 1n addition
to a solder bump, and a method for forming a gold bump by
clectrolytic gold plating are conventionally known. These
bumps are adhered to metal films such as gold plating,
silver/tin solder, and indium/tin/lead solder formed in the
wiring substrate side.

For securing reliability, filling up the crevice between a
semiconductor chip and a wiring substrate with underfill
resin after flip chip mounting 1s carried out. When resin
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filling 1s performed, keeping the crevice between a semi-
conductor chip and a wiring substrate large 1s preferable for
performing good filling without generating void. However,
i a solder bump 1s required to be formed highly in height so
as to be melted on an electrode and shaped 1n hemisphere
form, the amount of solder to be supplied should be
increased. This makes it possible to short circuit to an
adjoining solder bump, between the electrodes having a fine
pitch. Therefore, 1t 1s becoming diflicult to form a solder
bump with height on an electrode with advance of a fine
pitch tendency. On the other hand, since, as for the fine pitch
tendency, filling resin stream 1s narrowed superficially, the
difficulty of filling of underfill resin 1s accelerated by fine
pitch.

A method for forming a solder bump by an evaporation
method and a solder paste printing method involves an
increased manufacturing cost, since a durability of a mask 1s
scarce as well as requiring the mask.

Also, a solder ball supplying method involves a compara-
tively high cost of the solder ball per se, and needs equip-
ment wherein a solder ball 1s aligned 1n a required layout and
carried on a semiconductor chip. Since package loading 1n
a water unit 1s dificult, the bump formation cost as total
becomes high. Moreover, manufacture of solder ball with
further small diameter corresponding to a fine pitch 1s
difficult. Then, the smaller the required ball size (diameter)
becomes, the more the manufacturing vield falls, incurring,
an influence on high cost.

Furthermore, when there 1s an electrode arranged on a
memory cell, and when solder 1s used as a bump material,
alpha rays generated from a radioactive element contained 1n
a lead which constitutes solder or tin may cause a soft error.

Also, there are the plating bump and stud bump using
gold. However, problem such that cost of gold matenals 1s
high 1s posed. There 1s also raised a problem such that the
more the number of bumps increases, the more formation
cost increases also, 1 order to carry out individual formation
in a gold stud bump.

Furthermore, when solder junction of the bump which
used gold plating 1s carried out, since gold has a good
wettability, solder 1s getting wet upwardly on side surface
- an electrode and gold

and enters from the interface of
plating. This may result in the fall of interface intensity, or
extoliation 1n the end, involving the problem on reliability.

Also, a soldering technique by use of a plating bump
using copper 1s also proposed. For example, after forming a
copper bump by an electrolytic plating method, forming the
polyimide film on a semiconductor board so that the upper
half of the copper bump may be exposed, and forming a
solder film on the copper bump by dipping method 1s
disclosed 1n JP-A-3-2243°/. However, with a flip chip coated
with a thick resin film 1n this way, when mounted on a wiring
substrate, 1t becomes diflicult to be filled up with underfill
resin. In addition, since an adhesion nature of the copper
bump and the polyimide film 1s low, unless processing
special to the copper bump side 1s performed, solder easily
gets wet, spreading to the electrode. Problem on rehability
1s thus raised similarly to the case of a gold bump.

SUMMARY OF THE INVENTION

An object of the present invention 1s to secure full
distance between chip and substrate even 1f an electrode has
a fine pitch.

The other object of the present invention 1s to provide a
bump structure of a tlip chip which can be created at low
COst.
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The other object of the present invention 1s to provide a
packaging structure of a low possibility of causing the
reliability fall such as a soft error or pad exioliation.

A semiconductor element according to the present mnven-
tion comprises a columnar projection which serves as a
bump and 1s formed on an electrode through an intercon-
nected film or an adhesive film. An upper surface of said
columnar projection 1s coated with, or an upper surface and
upper portion of a side surface of the aforementioned
columnar projection are coated with a cap film which 1s
excellent 1n wettability 1s provided.

Also, a semiconductor element according to another
aspect of the present invention comprises a columnar pro-
jection which serves as a bump and 1s formed on an
clectrode through an interconnected film or an adhesive film.
A wet prevention {ilm 1s formed at a part at least close to the
clectrode of the side surface of the columnar projection.

Also, a method of producing a semiconductor element
according to the present invention, comprising the steps of:

forming a metal film serving as a plating electrode on the
whole part of a semiconductor substrate having an electrode
formed thereon;

forming a resist film having an opening 1n the position of
sald electrode on said metal film;

depositing a high conductivity metal in columnar form to
form a columnar projection by electrolytic plating;

removing said resist film;

etching to remove said metal film by using said columnar
projection as a mask; and

forming a wet prevention film on the surface of said
columnar projection.

Also, a method of producing a semiconductor element
according to another aspect of the present invention com-
prises the steps of:

forming a resist film on a semiconductor substrate, said
resist {ilm having an opening 1n the position of an electrode
formed on said semiconductor substrate;

conducting an activation processing to electroless plating
to form an activation film on said resist film;

removing said activation film on said resist film;
depositing a high conductivity metal 1n said opening by

clectroless plating to form a columnar projection;
removing said resist film; and

forming a wet prevention film on the surface of said
columnar projection.

A semiconductor device according to the present mven-
tion comprises: a conductive columnar projection formed on
the electrode of a semiconductor element and 1s soldered to
a pad on a wiring substrate. At least a part of the side surface
of said columnar projection 1s coated with a wet prevention

film.

Also, a semiconductor device according to another aspect
of the present mvention comprises: a conductive columnar
projection formed on an electrode of the semiconductor
clement and 1s soldered to a pad of a wiring substrate. The
soldering part of said conductive columnar projection 1s
limited to the upper surface of said columnar projection.

Also, a semiconductor device according to another aspect
of the present mvention comprises: a conductive columnar
projection formed on an electrode of the semiconductor
clement and 1s soldered to a pad of a wiring substrate. Said
columnar projection 1s soldered through a metal film excel-
lent 1n soldering wettability as well as having a difficulty 1n
oxidation which 1s formed on the upper surface of said
columnar projection or the upper portion or upper surface of
said columnar projection side surface.
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Also, a semiconductor device according to another aspect
of the present invention comprises: a conductive columnar
projection formed on an electrode of the semiconductor
clement and 1s connected to a pad on a wiring substrate. An
upper surface of said columnar projection and a surface of
a pad of said wiring substrate are joined through a metal film
which 1s excellent in soldering wettability as well as having,
difficulty 1n oxidation.

Also, a method of producing a semiconductor device
according to the present invention comprising the steps of:

providing a thermosetting resin having a flux activity
cllect to the tip end of a columnar projection formed on the
electrode of a semiconductor element;

aligning said columnar projection and a pad of the wiring
substrate which was supplied with a predetermined quantity
of solder; and

heating and soldering only the tip part of said columnar
projection to the pad of said wiring substrate.

A method of producing a semiconductor device according
to another aspect of the present invention comprises the
steps of:

supplying a flux on the tip end of the columnar projection
formed on an electrode of a semiconductor element;

aligning said columnar projection and a pad of a wiring
substrate supplied with a predetermined quantity of solder;

heating and soldering only the tip part of said columnar
projection to a pad of said wiring substrate; and

cleaning and removing said flux.

Also, a method of producing a semiconductor device
according to another aspect of the present invention com-
prises the steps of:

supplying a thermosetting resin having the flux activity
cllect on a pad of a wiring substrate;

aligning a columnar projection formed on an electrode of
a semiconductor element and having a solder film on the tip
part, and a pad of said wiring substrate; and

heating and soldering only the tip part of said columnar
projection to a pad of said wiring substrate.

Also, a method of producing a semiconductor device
according to another aspect of the present invention com-
prises the steps of:

supplying a flux on a pad of a wiring substrate;

aligning a columnar projection formed on an electrode of
a semiconductor element and having a solder film on a tip
end part, and a pad of said wiring substrate;

heating and soldering only the tip part of said columnar
projection to a pad of said wiring substrate; and

cleaning and removing said flux.

Also, a method of producing a semiconductor device
according to another aspect of the present invention com-
prises the steps of:

cleaning a tip surface of a columnar projection formed on
an electrode of a semiconductor element and a pad surface
ol a wiring substrate by a physical shock of an mactive gas
excited by plasma;

aligning said columnar projection and a pad of said wiring,
substrate; and

pressurizing between said semiconductor element and
said wiring substrate to adhere said columnar projection and
said pad.

In the present mvention, connection system between a
semiconductor element and a wiring substrate 1s diflerent
from a conventional connection system wherein solder 1s
connected with each other or gold stud bump and a solder of
the wiring substrate side are connected. However, 1n this
invention, a columnar bump of a semiconductor element
side and a pad of the wiring substrate are connected through
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a little quantity of solder, or directly connected without
through solder. In addition, in this invention, even when
connection 1s made by solder, contact of a columnar bump
and solder 1s limited to an upper surface of the columnar
bump or only a little bit part of the upper surface and the side
surface thereof. A columnar bump 1s formed by an electro-
lytic plating method etc. using a metal which 1s not fused at
soldering temperature, and since it 1s not rounded by reflow,
a comparatively high bump can be formed 1n relation to a
bottom size. Moreover, when a semiconductor chip is car-
ried on a wiring substrate, a columnar bump does not fuse
but maintain the form in early stages of formation. This
allows the distance between a wiring substrate and a semi-
conductor chip to be fully secured. This further allows
underfill resin filling to be easily and highly reliably per-
formed after flip chip connection. Namely, as for a connec-
tion of solders wherein when having a fine pitch, along with
a smaller diameter size of a bump, crevice reduction of a
semiconductor chip and a wiring substrate 1s generated, and
workability and reliability are predominantly gained.

A batch processing of a water unit 1s possible. And this
will be mentioned, for example, as other features of forming,
a columnar bump using an electrolytic plating method or the
clectroless plating method. Whereby, it becomes possible to
manufacture at low cost compared with a conventional ball
loading supplying method. Also, 1n case of using a thermo-
setting resin which has a flux activity eflect instead of the
flux used for the purpose of the oxide film removal on the
surface ol a bump at the time of packaging onto the wiring
substrate of a semiconductor chip, cleaning process can be
deleted. This contributes to cleaning process reduction to
allow cost cut or no cleaning residue. Consequently, an
improvement eflect 1n reliability 1s gained.

Moreover, since reduction or deletion of the amount of the
solder used 1s possible, the reduction or zeroing of alpha
dose which 1s one of the causes of malfunction 1s possible.
This contributes to an improvement 1n reliability.

Also, according to this mvention, solder does not get wet
upwardly as far as a columnar base of a bump at the time of
packaging. The interface exfoliation by the solder-coming-
in onto the interface of an interconnected film/adhesive film,
or an adhesive film/bump can be prevented, and improve-
ment 1n reliability can be aimed at.

Moreover, when making a junction form 1n which solder
gets wet upwardly as far as a part of the side surface of a
columnar bump, a process 1s increased when forming a
bump. However, when the contact surface area of a colum-
nar bump and solder 1s widened, stress 1s distributed and
junction part reliability can be raised.

In a semiconductor device producing method for this
invention, a cap film or a solder plating film 1s formed on an
upper surface of the columnar bump, or 1n a part of an upper
surface or side surface thereof. Therefore, a junction form
wherein solder possibly covers the whole upper surface of
the columnar bump, or solder possibly covers the whole
upper end portion 1s stably made up. Whereby, the strength
fall 1n junction between the columnar bump and adhesive
films or formation of a stress concentration part can be

prevented, and a reliable junction part can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a first embodiment of
a semiconductor element of this invention.

FIG. 2 1s a cross-sectional view of a second embodiment
of a semiconductor element of this invention.
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FIG. 3 1s a cross-sectional view of a third embodiment of
a semiconductor element of this invention.

FIG. 4 1s a cross-sectional view of a fourth embodiment
of a semiconductor element of this invention.

FIG. 5 1s a cross-sectional view of a fifth embodiment of
a semiconductor element of this invention.

FIG. 6 1s a cross-sectional view of a sixth embodiment of
a semiconductor element of this invention.

FIG. 7 1s a cross-sectional view of a seventh embodiment
of a semiconductor element of this invention.

FIGS. 8A to 8E are cross-sectional view of a first embodi-
ment of a producing method for a semiconductor element of
this 1nvention.

FIGS. 9A to 9E are cross-sectional view of a second
embodiment of a producing method for a semiconductor
element of this invention.

FIGS. 10A to 10F are cross-sectional view of a third
embodiment of a producing method for a semiconductor
element of this invention.

FIGS. 11 A to 11E are cross-sectional view of a fourth
embodiment of a producing method for a semiconductor
element of this invention.

FIGS. 12A to 12F are cross-sectional view of a fifth
embodiment of a producing method for a semiconductor
element of this invention.

FIG. 13 1s a cross sectional view of a first embodiment of
a semiconductor device.

FIG. 14 1s a cross sectional view of a second embodiment
of a semiconductor device.

FIG. 15 1s a cross sectional view of a third embodiment
of a semiconductor device.

FIG. 16 1s a cross sectional view of a fourth embodiment
of a semiconductor device.

FIG. 17 1s a cross sectional view of a fifth embodiment of
a semiconductor device.

FIG. 18 1s a cross sectional view of a sixth embodiment
of a semiconductor device.

FIGS. 19A to 19C are cross-sectional view of a first
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 20A, 20B, 20C, 20B', 20" are cross-sectional view
of a second embodiment of a producing method for a
semiconductor device of this invention.

FIGS. 21A to 21C are cross sectional view of a third
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 22A to 22C are cross sectional view of a fourth

embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 23A, 23B, 23C, 23B', 23(' are cross sectional view
of a fifth embodiment of a producing method for a semi-
conductor device of this invention.

FIGS. 24A to 24C are cross sectional view of a sixth
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 25A, 25B, 25C, 25B', 25(C" are cross sectional view
of a seventh embodiment of a producing method for a
semiconductor device of this invention.

FIGS. 26A to 26C are cross sectional view of a eighth
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 27A, 278, 27C, 27B', 27C" are cross sectional view
of a ninth embodiment of a producing method for a semi-
conductor device of this invention.

FIGS. 28A to 28C are cross sectional view of a tenth
embodiment of a producing method for a semiconductor
device of this invention.
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FIGS. 29A to 29C are cross sectional view of a eleventh
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 30A to 30C are cross sectional view of a twelfth
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 31A to 31C are cross sectional view of a thirteenth
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 32A to 32C are cross sectional view of a fourteenth
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 33A to 33C are cross sectional view of a fifteenth
embodiment of a producing method for a semiconductor
device of this invention.

FIGS. 34 A to 34C are cross sectional view of a sixteenth
embodiment of a producing method for a semiconductor
device of this invention.

FIG. 35 1s a cross-sectional view of a conventional
example of a semiconductor element.

FIG. 36 15 a conventional view of a conventional example
of a semiconductor device.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Preferred embodiments of the present imnvention will be
described below with reference to the accompanying draw-
ings. FIG. 1 1s a cross-sectional view showing a first
embodiment of a semiconductor element according to the
present invention. As shown in FIG. 1, on a semiconductor
substrate 1, an electrode 2 connected to an internal circuit 1s
formed. And on the semiconductor substrate 1 1s covered
with a cover film 3 which has an opening on the electrode
2. On the electrode 2, a columnar bump 6 composed of such
as copper through an adhesive film 5 composed of an
adhesive film 4 which composed of such as titamium (11) and
copper (Cu), 1s formed. A wet prevention film 7 wherein
adhesion of solder and wetting upwardly are prevented 1is
formed on the side surface of the columnar bump 6. The
columnar bump 6 may be formed using copper alloy, or
nickel and nickel alloy other than copper.

FIG. 2 1s a cross-sectional view showing a second
embodiment of a semiconductor element of this mnvention.
In FIG. 2, the portions of the same designation as those 1n
FIG. 1 used for the explanation so far are designated the
same reference numbers, omitting and simplifying the over-
lapping explanation (similarly omitted 1in other embodi-
ments). Difference from the first embodiment shown in FIG.
1 of this embodiment resides 1n the formation such that a cap
f1lm 8 which prevents the columnar bump 6 from oxidation
and composed of gold (Au) which demarcates the domain of
getting wet at the time of the soldering 1s formed.

FIG. 3 1s a cross-sectional view showing the third exem-
plary embodiment of a semiconductor element of this inven-
tion. Difference from the first embodiment shown in FIG. 1
of this mnvention resides 1n the formation such that a cap film
8 composed of a gold (Au) which prevents a columnar bump
6 from oxidation and demarcates a domain of getting wet at
the time of soldering 1s formed on an upper surface or on a
part of the side surface of the columnar bump 6, and a wet
prevention film 7 1s deleted from the side surface portion of
the columnar bump 6 having the cap film 8 formed thereon.

As for a second and third embodiment, when a cap film
8 1s formed with material with fully high wettability to a
columnar bump, a wet prevention film can be omitted.
Moreover, a cap film may be formed using a resin material
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using a resin material known as a pre-flux coat material
which fuses by flux at the time of soldering, replacing a
metallic cap film.

FIG. 4 1s a cross-sectional view showing a fourth embodi-
ment of a semiconductor element of this invention. Difler-
ence from a first embodiment shown 1 FIG. 1 of this
embodiment resides 1in a formation in which a planting layer
9 1s formed on an upper surface of a columnar bump 6.

FIG. 5 15 a cross-sectional view showing a fifth embodi-
ment of a semiconductor element of this invention. Difler-
ence from a first embodiment shown i FIG. 1 of this
embodiment resides 1n a formation in which a plating film 9
1s formed on a upper surface or a part of the side surface of
a columnar bump 6, and a wet prevention film 7 1s deleted
from the side portion of the columnar bump 6 having solder
plating film 9 formed thereon.

FIG. 6 1s a cross-sectional view showing a sixth embodi-
ment of a semiconductor element of this invention. Difler-
ence from a fourth embodiment shown i FIG. 4 of this
embodiment resides 1n a formation in which a thin golden
layer 10 1s formed on an upper surface of a solder plating
layer 9.

FIG. 7 1s a cross-sectional view showing a seventh
embodiment of a semiconductor element of this invention.
Difference from a fifth embodiment shown 1n FIG. 5 of this
embodiment resides 1n a formation in which a thin gold film
10 1s formed on an upper surface or side surface of a solder
plating film 9.

FIGS. 8A to 8E are cross-sectional views showing order
ol a producing method for a semiconductor element of this
invention. As shown in FIG. 8A, an electrode 2 and a front
surtace of a cover film 3 of a semiconductor substrate 1 are
coated with an interconnected film 4 and an adhesive film 5,
by sputtering method etc. The interconnected film 4 1s
preferably formed with titanium. However, a single layer
containing titanium alloys such as nitriding titanium, tita-
nium/tungsten alloy, mm addition to titanium or multiple
layers, and a single layer contaiming chromium, chromium/
copper alloy, or multiple layers may be substituted. The
adhesive film 5 1s preferably formed with copper. However,
iI adhesion power with a columnar bump (copper plating
film etc) which 1s formed other than copper, 1s strong and
clectrical resistance 1s 1n the range of a small metal, com-
position substance 1s not limited.

Next, as shown 1n FI1G. 8B, a plating resist {ilm 19 having
a thickness more than a height of the bump which should be
formed and has an opening on an electrode 2, 1s formed
using photoresist etc. Electrolytic plating 1s performed by
making this into a mask, and a columnar bump 6 i1s formed.

Next, as shown in FIG. 8C, the plating resist film 19 1s
removed by ashing etc, and etching removal of the adhesive
film 5 and the interconnected film 4 1n an exposure form 1s
carried out, using the columnar bump 6 as a mask.

Subsequently, as shown in FIG. 8D, heat-treatment 1s
performed 1n oxidizing atmosphere, so as to obtain a wet
prevention {ilm 7 on a surface of the columnar bump 6.

Next, as shown 1n FIG. 8E, after exposed to the plasma of
iactive gas such as argon (Ar), removal of the only wet
prevention {ilm of an upper surface of the columnar bump 6
1s carried out.

Replacing a method wherein unnecessary wet prevention
f1lm 1s exposed to the plasma of mactive gas to be removed,
alter covering the part by a mask where a wet prevention
film 1s not necessary to be formed, oxidation processing 1s
performed, and the mask may be removed thereafter. Wet
prevention film 7 may be formed with a silicon oxide film or
a silicon nitride film, etc. deposited, by a film formation
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technology such as plasma CVD method. In this case also,
alter a wet prevention film 1s formed 1n front, unnecessary
wet prevention {1lm 1s exposed to the plasma of 1nactive gas
to be removed. Or after a portion where a wet prevention
film does not needed to be formed 1s covered with a mask,
films are formed, and the mask may be removed thereatter.
In case that a wet prevention film 7 i1s formed by a film
formation technology such as CVD method, a wet preven-
tion film 7 with film thickness almost equivalent to a side
surface of the columnar bump 6 1s obtained on the side
surface of an interconnected film 4 and a adhesion film 5.

FIGS. 9A to 9E are cross-sectional views of a process
order showing a second embodiment of a producing method
for a semiconductor element of this invention. In this
embodiment, up to the process shown 1n FIG. 9B 1s the same
as the first embodiment.

Then, as shown 1 FIG. 9C, a cap film 8 1s formed on an
upper surface of a columnar bump 6 by an electrolytic
plating method or electroless plating method. As shown 1n
FIG. 9D, a plating resist film 19 and an adhesive film 4 and
an 1nterconnected film 5 thereunder are removed. Then, a
wet prevention film 7 1s formed on the side surface of the
columnar bump 6 by heat-treatment 1n the atmosphere of
ox1dizing.

FIGS. 10A to 10F are cross-sectional views of a process
order showing a third embodiment of a producing method
for a semiconductor element of this ivention. In this
embodiment, up to a process shown 1n FIG. 10B 1s the same
as the first embodiment. Then, half etching 1s performed to
the plating resist film 19, and a part of a columnar bump 6
side 1s exposed as shown 1n FIG. 10C.

Subsequently, a cap film 8 1s formed on an upper suriace
or upper side of a columnar bump 6 by an electrolytic plating
method or an electroless plating method, as shown 1n FIG.
10D. After removing the plating resist film 19, an intercon-
nected film 4 thereunder, and an adhesive film 5, by being
subjected to heat-treatment 1n the atmosphere of oxidizing,
a wet prevention film 7 1s formed on the columnar bump 6
side surface, as shown 1in FIG. 10F.

Referring to a second and third embodiment, a wet
prevention film 7 can be formed by use of a film formation
technology such as a plasma CVD method. At that time,
alter covering a no {ilm formation domain using a mask,
{1lms can be formed. The same 1s said of other embodiments.

In a second and third embodiment, gold 1s advantageously
used for the material of the cap film 8. However, any
material which 1s excel 1n solder wettability, and can prevent
an oxidation of a columnar bump, can be used. For example,
such as gold alloy, tin, indium or palladium can be men-
tioned as available.

FIGS. 11A to 11E are cross-sectional views of a process
order showing a fourth embodiment of a producing method
for a semiconductor element of this ivention. In this
embodiment, up to a process shown 1n FIG. 11B 1s the same
as first embodiment. A solder plating film 9 1s formed on an
upper surface of a columnar bump 6 by an electrolytic
plating method subsequently to a columnar formation of a
bump. [FIG. 11C]. Next, a plating resist film 19, an inter-
connected film 4 thereunder, and an adhesive film 5 are
removed [FIG. 11D]. Then, after subjected to heat-treatment
in oxidizing atmosphere to form a wet prevention film 7 on
a surface of a columnar bump 6, sputter removal of oxide

1

film 1s carried out on a solder plating film 9 [FIG. 11E].

FIG. 12A to F 1s a cross-sectional view of a process order
showing a fifth embodiment of a producing method for a
semiconductor element of this invention. This embodiment
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1s the same as a fourth embodiment shown m FIG. 11 except
for half etching process (FIG. 12C) before forming a solder
plating film 9.

In a fourth and fifth embodiment, a solder plating film 9
can be formed using tin/eutectic lead alloy, but not limited

thereto but a material used as a solder material 1s employable
as needed. Also, a solder which does not contain a lead 1s
preferably adopted. Moreover, 1n the fourth and {ifth
embodiment, after formation of the solder plating film 9,
clectrolytic or electroless plating 1s performed successively.
A metal film may be formed thinly on the solder plating film
9 as shown 1n FIG. 6 and FIG. 7.

A bump may be formed by an electroless plating method.
In this case, patterning of an interconnected film and an
adhesive film 1s performed 1n a state shown i FIG. 9A so as
to form a resist film having an opening on a bump formation
part. Then, an activation processing by such as zinc 1s
performed, an unnecessary activity layer 1s removed as
needed, and an electroless plating of such as nickel 1s
performed to form a bump, before resist film 1s removed.
The bump may be formed directly on an electrode without
forming an interconnected film and an adhesive film.

FIG. 13 1s a cross-sectional view showing a first embodi-
ment of a semiconductor device of this invention. The
semiconductor element according to this invention 1s carried
on a wiring substrate 12 wherein a pad 14 and a solder resist
film 13 are formed on the surface. In this embodiment, a
columnar bump 6 of the semiconductor element 1s joined to
a pad 14 on the wiring substrate 12 by solder fillet 11 only
on the upper surface (in this specification, the opposite side
to an electrode 2 of a columnar bump 1s referred as an upper
surface).

FIG. 14 1s a cross-sectional view of a second embodiment
ol a semiconductor device of this invention. Difference from
a first embodiment shown in FIG. 13 of this embodiment
resides 1n a formation such that a cap film 8 1s formed on an
upper surface of a columnar bump 6.

FIG. 15 1s a cross-sectional view of a third embodiment
of a semiconductor device of this invention. Difference from
a first embodiment shown in FIG. 13 of this embodiment
resides 1n a formation such that a columnar bump 6 of a
semiconductor element 1s joined to a solder fillet 11 also, not
only 1n the upper surface but 1n a part of its side surface.

FIG. 16 1s a cross-sectional view showing a fourth
embodiment of a semiconductor device of this invention.
Difference from a third embodiment shown in FIG. 15 of
this embodiment resides 1 a formation such that a cap film
8 1s formed on an upper surface of columnar bump 6 of a
semiconductor element or a part of 1ts side surface.

FIG. 17 1s a cross-sectional view showing a fifth embodi-
ment of a semiconductor device of this invention. In this
embodiment, a columnar bump 6 of a semiconductor ele-
ment 1s directly joined to a pad 14 on a wiring substrate 12
through no aid of solder.

FIG. 18 1s a cross-sectional view showing a sixth embodi-
ment of a semiconductor device of this invention. In this
embodiment, a columnar bump 6 of a semiconductor ele-
ment 1s joined to a pad 14 on a wiring substrate 12 through
a cap {ilm 8.

FIGS. 19A to 19C 1s a cross-sectional view of a process
order showing a first embodiment of a producing method for
a semiconductor device of this invention. This embodiment
relates to a packaging method for a semiconductor element
shown i FIG. 1. Flux 135 1s supplied to a tip part of a
columnar bump 6 of a semiconductor element. In addition,
a solder film 16 1s formed on a pad 14 of a wiring substrate

12 betforehand, as shown in FIG. 19A. After aligning a
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semiconductor element so that the columnar bump 6 may be
located on a pad 14, a semiconductor element 1s carried on
the wiring substrate 12, to be subjected to solder reflow
process, and a columnar bump 6 1s joined to a pad 14
through solder fillet 11, as shown in FIG. 19B. Then,
cleaning and removing flux 15 1s performed before filled up
with underfill resin 17, and cured, as shown 1n FIG. 19C.

A solder film 16 may be a solder paste layer, or may be
a solder retlow layer. Tin/eutectic lead solder 1s preferably
used for solder film 16, but 1s not limited thereto. Tin/lead
(except for eutectic), tin/silver, tin/copper, tin/zinc, and alloy
in which other addition elements are added to such material,
turther can be used.

In this embodiment, flux 15 was applied to a columnar
bump 6 side surtace. Instead of this, flux 15 may be applied
on a solder film 16 or a pad 14. The same thing 1s said about
other embodiment. Also, 1n a soldering process of this
embodiment, a sesmiconductor element 1s preferably pressed
to a wiring substrate side surface by predetermined pressure.
Whereby, constriction structure which collects stress can be
avoided.

FIGS. 20A to 20C are cross-sectional views of a process
order showing a second embodiment of a producing method
for a semiconductor device of this imnvention. This embodi-
ment relates to a packaging method for a semiconductor
clement shown in FIG. 2. Difference from a first embodi-
ment shown 1 FIG. 19 resides 1n a formation such that a cap
film 8 1s formed on an upper surface of a columnar bump 6.
Incidentally, when the cap film 8 1s formed with a resin film
which melts 1n a thin gold (or gold alloy) film or flux, since
the cap film 8 melts in solder or flux at the time of solder
melting, this cap film 8 disappears after solder reflow
process 1s over as shown i FIGS. 20B' and 20C".

FIGS. 21A to 21C are cross-sectional views of a process
order showing a third embodiment of a producing method
for a semiconductor device of this mnvention. This embodi-
ment relates to a packaging method for a semiconductor
clement shown 1n FIG. 4. Flux 15 1s applied to a tip part of
a columnar bump 6, as shown 1n FIG. 21 A having a solder
plating film 9 formed only on the upper surtace thereof, a
semiconductor element 1s carried on a wiring substrate after
alignment, and solder retlow process produces a solder fillet
11, as shown 1n FIG. 21B. Subsequent processing 1s the
same as that of the first embodiment shown in FIG. 19.
FIGS. 22A to 22C are cross-sectional views of a process
order of a fourth embodiment of a producing method for a
semiconductor device of this invention. This embodiment
relates to a packaging method for a semiconductor element
shown 1n FIG. 1. Difference from a first embodiment shown
in FIG. 19 resides 1n a formation such that instead of flux,
a thermosetting resin (henceforth, activity resin) having flux
activity eflect 1s used for soldering. Namely, activity resin 18
1s supplied to a tip part of a columnar bump 6 of a
semiconductor element, and further, a solder film 16 1s
formed on a pad 14 of a wiring substrate 12 beforehand, as
shown 1 FIG. 22A. After alignment, a semiconductor
clement 1s carried on a wiring substrate 12, then subjected to
solder reflow process, and a columnar bump 6 1s joined to a
pad 14 through solder fillet 11, as shown 1n FIG. 22B, then
filled up with undertill resin 17 and cured, with activity resin
18 left, as shown 1n FIG. 22C.

In this embodiment, activity resin 18 i1s applied to a
columnar bump 6 side surface. However, replacing this,
application may be carried out onto a solder film 16 or a pad
14. The same 1s said of other embodiments.

FIGS. 23A to 23C are cross-sectional views of a process
order showing a fifth embodiment of a producing method for
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a semiconductor device of this invention. This embodiment
relates to a packaging method for a semiconductor element
shown 1 FIG. 2. Diflerence from a second embodiment
shown 1n FIG. 20 resides only 1n soldering by use of activity
resin 18, to thereby omit a detailed explanation. Incidentally,
when a cap film 8 1s formed of a thin gold film (or gold alloy)
or a resin film which dissolves 1n tlux, the cap film 8 melts
in solder or activity resin at the time of solder fusion. Hence,
after solder reflow process 1s over, as shown i FIGS. 23B'
and C', the cap film 8 disappears.

FIGS. 24A to 24C are cross-sectional views of a process
order showing a sixth embodiment of a producing method
for a semiconductor device of this invention. This embodi-
ment relates to a packaging method for a semiconductor
clement shown 1n FIG. 4. Difference from a third embodi-
ment shown i FIG. 21 of this embodiment resides 1n only
soldering by use of an activity resin 18 replacing flux.
Theretfore, a detailed explanation will be omutted.

FIGS. 25A to 25C are cross-sectional views of a seventh
embodiment of a producing method for a semiconductor
device of this mvention. This embodiment relates to a
packaging method for a semiconductor element shown in
FIG. 3. Flux 15 1s supplied to a tip part of a columnar bump
6 having a cap film 8 formed on a part of upper surface and
side surface, forming a solder film 16 on a pad 14 of a wiring
substrate 12 belorehand. [FIG. 25A]. After alignment, a
semiconductor element 1s carried on a wiring substrate 12,
and subjected to reflow soldering process. Then, solder gets
wet upwardly along a cap film 8 so as to allow a fillet 11 to
be formed as far as a columnar bump 6 side surface, a shown
in FIG. 25B. And cleaning and removing a flux 15 1s
performed, before filled up with an underfill resin 17 and
cured, as shown 1n FIG. 25C. Incidentally, when the cap film
8 1s formed with a resin film which melts 1n a thin gold (or
gold alloy) film or flux, since the cap film 8 melts 1n solder
or flux at the time of solder melting, 1t disappears after solder
reflow process 1s over as shown i FIGS. 25B' and 25C".

FIGS. 26A to 26C are cross-sectional views of a process
order showing an eighth embodiment of a producing method
for a semiconductor device of this invention. This embodi-
ment relates to a packaging method for a semiconductor
clement shown 1n FIG. 5. Since this embodiment 1s the same
as a third embodiment shown 1n FIG. 21 except for the point
that the solder plating film 1s formed on a part of a columnar
bump 6 side surface, detailed explanation 1s omitted.

FIGS. 27A to 27C are cross-sectional views of a process
order showing a ninth embodiment of a semiconductor
clement of this invention. This embodiment relates to a
packaging method for a semiconductor element shown in
FIG. 3. Diflerence from a seventh embodiment shown 1n
FIG. 25 of this embodiment resides only 1n soldering by use
of an active resin 18 replacing flux, to thereby omit a
detalled explanation. Incidentally, when a cap film 8 1is
formed with a resin {ilm which melts 1n a thin gold (or gold
alloy) film or flux, since the cap film 8 melts 1n solder or flux
at the time of solder melting, this cap film 8 disappears after
solder reflow process 1s over as shown 1n FIGS. 27B' and C..

FIGS. 28A to 28C are cross-sectional views of a process
order showing a tenth embodiment of a producing method
for a semiconductor device of this invention. This embodi-
ment relates to a packaging method for a semiconductor
clement shown 1n FIG. 5. Difference from an eighth embodi-
ment shown 1n FIG. 26 of this embodiment resides only in
soldering by use of an active resin 18, replacing flux, thereby
to omit a detailed explanation.

In seventh embodiment to eleventh embodiment, referring
to an oxide film removal capability of flux or an activity
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resin, and the supply amount, 1n order to acquire a fillet form
where solder gets wet upwardly to a part of a columnar
bump side, which 1s a characteristic structure of this embodi-
ment, adjustment 1s needed to be preferably carried out as
needed.

FIGS. 29A to 29C are cross-sectional views of a process
order showing an eleventh embodiment of a producing
method for a semiconductor device of this mvention. The
upper surtface or upper portion of the side of a columnar
bump 6 of a semiconductor element used 1n this embodi-
ment, 1s coated with a cap film 8' composed of a resin
material which melts 1n flux at the time of soldering. A
junction part of the columnar bump 6 1s not oxidized in an
ambient atmosphere, and 1s maintained 1n a clean state. Flux
1s applied beforehand on a solder film 16 formed on a pad
14 of a wiring substrate 12, as shown i FIG. 29A. After
alignment a semiconductor element so that a columnar bump
6 may be located on a pad 14, if a semiconductor element 1s
carried on the wiring substrate 12 and subjected to solder
reflow process, a cap film 8' melts, junction part of the
columnar bump 6 1s exposed, and the columnar bump 6 is
soldered to the pad 14, as shown in FIG. 29B. Then, cleaning
and removing flux 15 1s performed, before filled up with
underfill resin 17 and cured, as shown 1n FIG. 29C.

Flux 15 was applied to a solder film 16 1n this embodi-
ment. However, replacing this, application may be carried
out onto a columnar bump 6 side surface. Also, replacing
flux, an activity resin having a flux action may be used.

In a seventh embodiment to a eleventh embodiment,
referring to an oxide film removal capability and a supply
amount of flux or activity resin, 1t 1s necessary to adjust
suitably to obtain a fillet form 1n which solder gets wet
upwardly as far as a part of a columnar bump side, which 1s
a characteristic form of this embodiment. That 1s, what 1s
important to obtain a necessary junction form 1n a semicon-
ductor device manufacture process of this invention 1is
whether a suitable quantity 1s supplied by flux, while activity
resin has a suitable removal capability of oxide film. If oxide
film removal capability 1s too strong, solder gets wet
upwardly as far as a root of a columnar bump which 1s not
wanted to be wet and assumes the form 1n which solder
wraps the columnar bump. Then, such a possibility arises as
solder advancing between the columnar bump and an adhe-
sive film, or an adhesive film and an interconnected film,
reducing adhesion intensity, and resulting in exfoliation.
Also, 1if oxide film removal capability 1s too weak, stable
metal junction 1s not carried out 1n the interface of solder
with a copper bump, with a result that connecting becomes
poor. Accordingly, 1t 1s important to select flux or activity
resin with suitable oxide film removal capability and supply
a suitable quantity uniformly.

However, 1n soldering of a semiconductor element of this
invention, flux or activity resin 1s not indispensable, and
when a junction interface and a solder film surface are kept
clean enough, the semiconductor element can also be sol-
dered without using these. The following twelfth and thir-
teenth embodiment relate to a soldering method for not
using flux or activity resin.

FIGS. 30A to 30C are cross-sectional views of a process
order showing a twelith embodiment of a producing method
for a semiconductor device of this invention. This embodi-
ment relates to a packaging method for a semiconductor
clement shown in FIG. 7. In this embodiment, while gold
film 10 1s formed on the surface of the solder plating film 9
provided on an upper part of a columnar projection 6, gold
film 10 1s formed also on a pad 14, as shown in FIG. 30A.

By forming these gold films, the surface of a solder plating

10

15

20

25

30

35

40

45

50

55

60

65

14

film 9 and a pad 14 1s held 1n a clean state without oxidizing.
After aligning a semiconductor element so that the columnar
bump 6 may be located on the pad 14, 1f a semiconductor
clement 1s carried on a wiring substrate 12 and subjected to
solder reflow process, the gold film 10 melts 1n solder and
the columnar bump 6 1s joined to the pad 14 through solder
fillet 11, as shown i FIG. 30B, then filled up with the

underfill resin 17 thereafter and cured, as shown in FIG.
30C.

In this embodiment, gold films 10 are formed on both
solder plating film 9 and pad 14. However, only either of
them may be suflicient. In this case, a series of process of
storage, conveyance, and packaging 1s carried out 1n non-
oxidizing atmosphere, such as a vacuum and reductive
atmosphere. Whereby, 1t 1s important that the junction part
surface 1s made not to be polluted.

FIGS. 31A to 31C 1s a cross-sectional view of a process
order showing a thirteenth embodiment of a producing
method for a semiconductor device of this mvention. The
top surface and upper part of the side of a columnar bump
6 of semiconductor element of the embodiment of this
invention 1s covered by thin gold film 10. Gold film 10 1s
formed also on a solder film surface 16 of a pad 14 as shown
in FIG. 31A. After alignment, a semiconductor element 1s
carried on a wiring substrate 12 and subjected to solder
reflow process, the gold film 10 melts 1n solder and the
columnar bump 6 1s joined to the pad 14 through solder fillet
11 as shown 1n FIG. 31B, then filled up with the underfill

resin 17 thereafter and cured as shown 1n FIG. 31C.

This embodiment relates to a packaging method for a
semiconductor element shown 1n FIG. 7. In this embodi-
ment, while gold film 10 1s formed on the surface of the
solder plating film 9 provided on an upper part of a columnar
projection 6, gold film 10 1s formed also on a pad 14 as
shown 1n FIG. 30A. By forming these gold films, the surface
of a solder plating film 9 and a pad 14 1s held 1n a clean state
without oxidizing. After aligning a semiconductor element
so that the columnar bump 6 may be located on the pad 14,
il a semiconductor element 1s carried on a wiring substrate
12 and subjected to solder reflow process, the gold film 10
melts 1 solder and the columnar bump 6 1s joined to the pad
14 through solder fillet 11 as shown 1 FIG. 30B, then filled

up with the underfill resin 17 thereafter and cured as shown
in FIG. 30C.

FIGS. 32A to 32C are cross-sectional views of a process
order showing a fourteenth embodiment of a producing
method for a semiconductor device of this mvention. The
surface of a semiconductor element and a wiring substrate 1s
exposed 1n the plasma atmosphere of nactive gas, such as
argon, and the junction side of a pad 14 with a columnar
bump 6 1s made clean as shown in FIG. 32A. After align-
ment, the semiconductor element 1s carried on a wiring
substrate 12, pressurized and the columnar bump 6 tip part
1s stuck to the pad 14 by pressure as shown 1n FIG. 32B. At
this time, either of the means of heating or ultrasonic wave,
or combined use of the both may be adopted. Then, underfill
resin 17 1s poured 1n and cured as shown 1n FIG. 32C.

FIGS. 33A to 33C are cross-sectional views of a process
order showing a fifteenth embodiment of a producing
method for a semiconductor device of this mnvention. In this
embodiment, a cap film 8 composed of gold etc. 1s formed
beforehand on a pad 14 of a wiring substrate. Difference
from an eleventh embodiment shown in FIG. 32 1n this
embodiment resides only in a form such that the cap film 8
1s formed on the pad 14, to thereby omit a detailed expla-
nation.
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In this embodiment, a cap film 8 was formed only 1n the
pad side of a wiring substrate, the cap film can be conversely
formed only 1n a columnar bump side. Also, like an eleventh
embodiment and a twelith embodiment, when a cap film 1s
not formed on at least one junction side surface, the junction
can more preferably be performed 1n a vacuum or non-
oxidizing atmosphere. That 1s, 1t 1s more preferable to
maintain environment 1 a vacuum or non-oxidizing atmo-
sphere state from a cleaning processing until junction 1s
performed by plasma.

FIGS. 34A to 34C are cross-sectional views of a process
order showing a sixteenth embodiment of a producing
method for a semiconductor device of this invention. In this
embodiment, for a semiconductor element, a cap film 8 1s
formed on an upper surface of a columnar bump 6, and the
cap film 8 1s also prepared on a pad 14 of a wiring substrate
betorehand. Difference from a eleventh embodiment shown
in FIG. 32 1n this embodiment resides only 1n a formation
such that the cap film 8 1s formed on the columnar bump 6
or the pad 14, to thereby omit a detailed explanation. (see
example 3)

Now examples of the present invention will be explained
in conjunction with the drawings.

EXAMPLE 1

Referring to an example 1 of this invention, a producing
method for a semiconductor element will now be described
with reference to FIG. 9.

First, a cover film 3 of a silicon oxide film 1s formed on
a wiring layer of the aluminum alloy formed on a semicon-
ductor substrate 1, and a cover coat removal on an electrode
2 formed on the wiring layer tip part 1s carried out. Next,
titanium as an interconnected film 4, and a copper film as an
adhesive film 5 are formed on the whole surface 1n a orderly
manner by sputtering. Thickness of the cover coat film 1s
determined as 4.5 um, thickness of the interconnected film
1s determined as 60 nm, and thickness of the adhesive film
1s determined as 500 nm. Next, a plating resist film 19 1s
formed and copper 1s deposited as a columnar bump 6 by
clectrolytic plating. At thus time, the size of the columnar
bump 1s determined as about 140 um 1n diameter, and about
90 um 1n height. Subsequently, gold-plating 1s carried out
and the cap film 8 of about 0.1 um thickness 1s formed on
the columnar bump upper surface. And after exioliating
plating resist, unnecessary portions of an adhesive film and
an interconnected film are removed by wet etching, using a
copper bump as a mask. Then after being subjected to
heat-treatment 1n oxidizing atmosphere, and a wet preven-
tion film 7 1s formed on a columnar bump side, copper
columnar bump formation 1s completed. The wet prevention
film 7 may be formed immediately after plating resist
exioliation.

Next, a packaging method onto a wiring substrate of a
semiconductor element which has a copper columnar bump
will be explained with reference to FIG. 20. First, flux 15 1s
uniformly applied 1n about 40 um thickness by squeezing on
smooth and flat plates such as a glass board. Then, a
columnar bump 1s pushed and flux 1s transferred to a tip. A
method for making flux being transferred may be a pin
transierring method which transiers the flux on a pin. The
method 1s not restrained 1n the range 1n which the stable
supply to a tip of a copper bump 1s possible. And a
semiconductor chip 1s mounted onto a wiring substrate
thereatter. Tin/eutectic lead alloy solder paste 1s supplied to
the wiring substrate beforehand by printing on a pad part.
Then after solder retflow process, the plate 1s pushed in
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parallel with a board surface and the solder upper part 1s
crushed, so that the height may be uniform. Next, after
aligning a semiconductor element so that a columnar bump
may be located on a pad of a wiring substrate, the semicon-
ductor element 1s carried on a wiring substrate. Then with
the semiconductor element subjected to solder retlow pro-
cess and pressed simultaneously, a columnar bump 6 1is
connected to a pad 14 of a wiring substrate. As for a junction
form of a semiconductor element and a wiring substrate, a
cap 1ilm which 1s good 1n solder wettability 1s formed only
on an upper surface of a columnar bump. And since wet
prevention film 1s formed on the side surface, solder does not
turn around to the side and only an upper surface of a
columnar bump joins to the pad. Namely, a solder does not
get wet upwardly of a columnar bump as far as the part
between the columnar bump and an adhesive film, or
between the adhesive film and an interconnected film, result-
ing 1n junction strength fall, nor constituting a stress con-
centration part like constriction form. This contributes to
having a reliable structure. Next, after cleaning and remov-
ing flux 15, underfill resin 17 1s poured in from the side.
Then, after filling and curing, packaging of a semiconductor
clement 1s completed. In this embodiment, solder paste 1s
supplied to the wiring substrate first to be melted and
solidified once thereon, before the flip chip 1s mounted
thereto. However, without melting and solidifying solder
paste, the flip chip can also be carried 1n and joined.

EXAMPLE 2

As for a second example of the present invention, a
producing method for a semiconductor element will be
explained 1n conjunction with FIG. 10. In a similar manner
to a first embodiment, as shown 1n FIG. 10B, on an electrode
2, an 1nterconnected film of 60 nm 1in thickness, and an
adhesive film of 500 nm 1n thickness, and a columnar bump
6 with diameter of about 140 um and height of 90 um, are
formed, then subjected to etching processing by oxygen
plasma onto a plating resist film 19. Then, an upper portion
of the columnar bump 1s exposed by about 15 um and plated
with gold, to thereby form a cap film 8 of about 0.1 um 1n
thickness. Subsequently, plating resist 1s exioliated and
chemical removal of the unnecessary portions of an adhesive
film and an interconnected film 1s carried out by wet etching
using a columnar bump as a mask, and subjected to heat
treatment in oxidizing atmosphere. A wet prevention film 7
1s thus formed on a copper columnar bump side surface.
Next, a packaging method onto a wiring substrate of a
semiconductor element having a columnar bump formed 1n
an alorementioned manner will be explained 1n conjunction
with FIG. 25. As shown in FIG. 25A, a solder film 16 1s
formed on a pad of the wiring substrate beforehand and
along with this, flux 15 1s applied to a tip part of a columnar
bump 6. Next, after aligning a semiconductor element so
that a columnar bump may be located on a pad of a wiring
substrate, the semiconductor element 1s carried on a wiring
substrate. Then with a semiconductor element subjected to
solder reflow process and pressed simultaneously, a colum-
nar bump 6 1s connected to a pad 14 of a wiring substrate.
As for a junction form of a semiconductor element and a
wiring substrate, since a cap film which 1s good in solder
wettability 1s formed 1n a part of an upper surface and side
surface of a columnar bump, and a wet prevention film 1s
formed on the side surface, so as to be formed 1n such a
manner that solder fillet 11 wraps 1n an upper portion of the
columnar bump. And a situation such that solder gets wet
upwardly as far as a base of the columnar bump does not
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occur. Next, after cleaning and removing flux 15, underfill
resin 17 1s poured 1n from the side, to be cured after filling.
Packaging of a semiconductor element 1s thus completed.

EXAMPLE 3

As a third example of the present invention, a producing
method for a semiconductor element will now be explained
in conjunction with FIG. 12. Similar to a first embodiment,
alter forming a cover coat, sputtering of chromium/copper as
an interconnected film 4, and copper as an adhesive film 3
1s performed, so that an mterconnected film and an adhesive
f1lm may be formed on the whole surface. An interconnected
f1lm 4 1s defined as 100 nm 1n thickness, and an adhesive film
5 1s defined as 500 nm in thickness. After forming a plating
resist film 19 and forming a columnar bump 6 of copper with
a diameter of about 140 um, and a height of about 90 um by
clectrolytic plating, etching processing 1s performed by a dry
method and an upper part of the copper bump 1s exposed
using the difference of the etching speed of plating resist and
copper. The height of the portion to be exposed was set as
about 15 um. Next, the solder plating layer 9 of the eutetic
alloy of 96.5% weight of tin and 3.5% weight of silver i1s
formed on a copper bump by electrolytic plating 1n the
thickness of about 15 um.

Since the solder plating film 9 1s formed also on a
columnar bump side surface at this time, control of film
thickness 1s important so that the short-circuit between
clectrodes may not take place at the time of next fusion
connection. Next, plating resist extoliation 1s carried out and
an excessive interconnected film and adhesive film are
removed by wet etching, before subjected to a heat-treat-
ment 1n oxidizing atmosphere, so that a wet prevention film
7 may be formed on the columnar bump 6 side surface.
Then, an oxide film formed on the solder plating film 9 1s
removed by being subjected to plasma processing.

Next, a packaging method for a semiconductor element
formed 1n the above-described manner onto a wiring sub-
strate will be explained 1n conjunction with FIG. 28. Activity
resin 18 1s uniformly applied on the tip of the solder plating,
film 9 on a copper bump in thickness of about 40 um, by
squeezing on flat and smooth plates such as a glass board. A
columnar bump 1s pushed against this and thermosetting
resin (activity resin 18) 1s transierred on the tip. The method
for making activity resin transierred 1s not restrained in the
range in which the stable supply to the tip of columnar
bumps such as pin transfer, 1s possible.

Usually, flux 1s used for the oxide film removal on the
surface ol a bump. As for a flux cleaning after packaging,
introduction of special cleaning equipment 1s needed to
clean a narrow crevice between a semiconductor element
and a wiring substrate. This requires a longer cleaning time
and may be considered as a causative factor of pushing up
the cost. Moreover, the cleaning residual substance 1s easy to
remain, constituting one factor of a reliability fall. Also, by
fine pitch tendency from now on it 1s expected that crevice
cleaning becomes still more diflicult. IT activity resin 1s used
like this embodiment, 1t 1s eflective in respect of a reduction
of man-hour and plant-and-equipment investment, improve-
ment in the product yield, and improvement in packaging,
reliability by saving the cleaning.

After applying activity resin 18, a semiconductor element
1s aligned and carried on a wiring substrate, to be subjected
to solder reflow process, and a columnar bump and a pad of
a wiring substrate are connected. A crevice 1s filled up with
underfill resin at the end and cured, and the packaging
process of a semiconductor element 1s completed.
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Activity resin 1s transierred and mounted here, flux may
be used replacing the activity resin. Also, 1t gold 1s thinly
plated on the solder film formed on the columnar bump,
junction will improve further, to the extent that junction 1s
achieved without using flux.

In this embodiment, very-small-quantity transfer of the
activity resin was carried out onto the tip of a bump, and
filled up with underfill resin thereafter. If the activity resin
with reliability which 1s higher than equivalent of underill
resin 15 used, resin filling can also be realized without
performing resin pouring in such a manner that a proper
quantity of activity resin 1s supplied to a wiring substrate, a
semiconductor chip 1s carried onto a board, and resin curing,
1s also performed at the time of the solder reflow process.
Also, 1 cases of the embodiments 1 to 3, a resin film may
be provided on a pad, solder film, and a solder plating film
for the purpose of an oxidation prevention. Furthermore,
instead of the flux which was transferred to a bump tip and
used for connection, the activity resin having a flux effect
which 1s cured by the quantity of heat at the time of junction
and reinforces connection part after connection, 1s also
possibly used.

EXAMPLE 4

Referring to a fourth example of the present invention, a
producing method for a semiconductor element will next be
explained in conjunction with FIG. 2. First, silicon oxide 1s
deposited all over the semiconductor substrate 1, and the
cover film 3 1s formed. A part thereof 1s removed and the
surface of an electrode 2 made from aluminum alloy 1s
exposed, before sputtering of the copper film 1s carried out
in an orderly manner, determining titanmium as an intercon-
nected film 4, and determining copper film as an adhesive
film 5. The mterconnected film and the adhesive film are
thus formed on the whole surface. The thickness of the cover
coat 1s set as 4.5 um, the thickness of the interconnected film
1s set as 60 nm, and the thickness of the adhesive film 1s set
as 500 nm. Next, the plating resist film 19 was formed and
copper was deposited by electrolytic plating to obtain a
columnar bump 6. The size of the columnar bump 1s set as
about 140 um in diameter, and about 90 um in height.
Subsequently, a cap film 8 of about 5 um thickness 1s
continuously formed on the columnar bump upper surface
by gold-plating. Then, plating resist 1s exfoliated and unnec-
essary portions of an interconnected film and an adhesive
film are removed by wet etching, using a copper bump as a
mask. Wet prevention film 1s not formed 1n this example.

A packaging process onto a wiring substrate of a semi-
conductor element having a copper bump will next be
explained 1n conjunction with FIG. 34. In this embodiment,
a cap fillm 8 (gold plating film) 1s formed on a pad 14 of a
wiring substrate 12, also. Just belore carrying a semicon-
ductor element onto a wiring substrate, argon plasma clean-
ing 1s carried out to a semiconductor element and a wiring
substrate. The semiconductor element and the wiring sub-
strate are aligned thereafter, and the semiconductor element
1s carried onto the wiring substrate. Then, the load of about
five to 350 gf (0.049-0.49N) per bump i1s applied, and
simultaneously heated at 350 degrees, so that a junction
between a bump and a pad may be aclhueved. Here, there 1s
no necessity of cleaning since flux 1s not used. Immediately
after this, underfill resin 1s poured 1n from the side, to obtain
a cured resin after filling.

As 1n the foregoing, since connection to a pad on a wiring
substrate 1s carried out using a small amount of solder or
without using solder, alpha dose leading to a soit error can
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be reduced, and improvement in reliability can be aimed at.
Also, since the part joined to solder of a columnar bump 1s
limited to the upper surface of the columnar bump, or the
bump side surface in the vicinity of the upper suriace.
Whereby, the diameter of the bump 1s not needed to be thick
even 1f a bump becomes high, and the distance between the
semiconductor board and the wiring substrate can be

secured, responding to high pin count. Accordingly, even 11

high-density tendency of LSI advances according to this
invention, filling of underfill resin can be easily and reliably
carried out. In addition, according to this mmvention solder
does not get wet upwardly as far as the base of the columnar
bump resulting in junction intensity fall between the colum-
nar bump and the adhesive film, or between the adhesive
film and the mterconnected film. Improvement in rehability
can thus be aimed at.

Since a columnar bump of this invention 1s formed by the
clectrolytic plating method etc. in a waler stage, manufac-
ture at low cost compared with a solder ball loading method
1s possible. Also, according to an embodiment which uses
the thermosetting resin (activity resin) which has the flux
activity eflect instead of the flux used at the time of tlip chip
mounting, improvement in reliability by low cost by clean-
ing process reduction and an elimination of cleaning residual
substance, 1s realized.

What 1s claimed 1s:

1. A semiconductor element comprising:

a columnar projection which serves as a bump and 1s
formed on an electrode on a semiconductor substrate
and 1s exposed on the upper surface and the side surface
on said columnar projection,

wherein the portion of the upper surface of said columnar
projection or upper portion ol the side surface and
upper surface of said colummnar projection i1s demar-
cated as a region which gets wet by solder when
soldering, and the lower portion of the side surface of
said columnar projection having the exposed side sur-
face close to said electrode 1s demarcated as a region
which hardly gets wet, and the lower portion of said
columnar projection having the exposed side surface
hardly gets wet.

2. A semiconductor device, comprising:

a conductive columnar projection formed on an electrode
on a semiconductor element; and

a pad on a wiring substrate, which 1s soldered to said
conductive columnar projection where said conductive
columnar projection 1s exposed on the upper surface
and the side surface on said columnar projection,

wherein the portion of the upper surface of said columnar
projection or upper portion ol the side surface and
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upper surface of said columnar projection 1s demar-
cated as a region which prevents an oxidation of said
columnar projection and gets wet by solder when
soldering, the lower portion of the side surface of said
columnar projection close to said electrode 1s demar-
cated as a region which hardly gets wet, and only said
region which gets wet 15 soldered.

3. The semiconductor element according to claim 1,
wherein a cap film 1s coated on the upper portion of the side
surface and upper surface of said columnar projection, said
cap film prevents an oxidation of said columnar projection
and defines the region which gets wet by solder when
soldering.

4. The semiconductor element as set forth in claim 3,
wherein said columnar projection 1s formed on said elec-
trode through an interconnected film or an adhesive film.

5. The semiconductor element as set forth in claim 3,
wherein said cap film 1s formed of gold, gold alloy, tin,
indium, or palladium.

6. The semiconductor element as set forth in claim 3,
wherein said cap film 1s a resin coating film which melts in
flux at the time of soldering.

7. The semiconductor element as set forth in claim 3,
wherein said columnar projection 1s formed of copper or
copper alloy.

8. The semiconductor element according to claim 1,
turther comprising a wet prevention film formed at least on
the part close to said electrode of side surface of said
columnar projection.

9. The semiconductor element according to claim 8,
wherein said wet prevention film 1s an oxide film or a nitride

film.

10. The semiconductor element according to claim 8,
wherein said wet prevention film 1s a film formed by
oxidation of the surface of said columnar projection.

11. The semiconductor element according to claim 2,
further comprising a wet prevention film formed at least on
the part close to said electrode of side surface of said
columnar projection.

12. The semiconductor element according to claim 11,

wherein said wet prevention film 1s an oxide film or a nitride
f1lm.

13. The semiconductor element according to claim 11,
wherein said wet prevention film 1s a film formed by
oxidation of the surface of said columnar projection.



	Front Page
	Drawings
	Specification
	Claims

